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INTRODUCTION
Medical residency is generally acknowledged to be
stressful, especially during the internship period.
Residents are susceptible to fatigue and chronic sleep
deprivation due to their prolonged work hours and rotating
work schedules.1
For the first time, in 2003, the Accreditation Council for
Graduate Medical Education (ACGME) in the U.S. implemen-
ted limits of 30 consecutive work hours and 80 weekly hours
for resident physicians across all specialties, to protect doctors
and patients from the unsafe conditions that can result from
excessive fatigue.2 Following the implementation of these
regulations, increasing public and academic attention has been
focused on the role of resident physicians’ fatigue and the
occurrence of medical errors, percutaneous needle sticks,
laceration injuries and post-call motor vehicle crashes.3,4 A
landmark study of resident physicians working in an adult
intensive care unit has received a great deal of attention in the
medical community.5 This study found that residents made
more medical errors when they worked frequent shifts of at
least 24 h than when they worked shorter shifts.
A work hour limit of 60 h per week was instituted in Brazil
in 1981,6 but even with this regulation, many studies have
identified problems during medical residency, such as
depression and anxiety,7 burnout,8 daytime sleepiness9 and
impairment of quality of life.10,11 The aim of our study was to
compare the cognitive performance of first-year internal
medicine residents after a night on call in the emergency
room (ER) and after a night off duty during training using
neuropsychological tests. The study was performed during
the normal shift on an internal medicine ward at a university
hospital with a work hour restriction of 60 h per week.
METHODS AND MATERIALS
a.) Participants
This cross-sectional study was conducted between
February 2005 and January 2006 in the emergency room
(ER) of a tertiary hospital. After the approval, we invited all
residents (n = 40) in Department of Internal Medicine at
Irmandade da Santa Casa de Miserico´rdia de Sa˜o Paulo
(ISCMSP; a charity and education hospital) in Sa˜o Paulo,
Brazil to participate. Thirty-eight of the 40 first-year internal
medicine residents agreed to participate and provided
written informed consent.
The exclusion criteria were as follows: refusal to
participate in any phase of the study; a current substance-
related disorder, including alcohol or drug abuse; current
use of medications known to affect the sleep/wake cycle or
daytime alertness; neurological disease; attention deficit/
hyperactivity disorder; a lifetime history of traumatic brain
injury/vascular brain disorder; severe, uncompensated
sensory loss (deafness, muteness, or blindness); and
participation in another medical residency program in the
previous year. We included both residents working a
normal shift on an internal medicine ward and residents
who had not been on call overnight for at least 72 h.
b.) Cognitive evaluation
A battery of neuropsychological12 tests was performed
according to the instructions in the user handbooks. The
tests were conducted by trained neuropsychology G.G.
(Gislaine Gil) and psychology students and took nearly 45
min. The sequence of neuropsychological tests and the
cognitive functions assessed are presented in Table 1.
c.) Procedure
The first year of training consists of three months spent
working in medical wards. The residents’ daily clinical
routine consists of working from 7:30 a.m. until 5 p.m.,
Monday through Friday. Residents focus on patient care in
the inpatient wards and ambulatory medicine in the
outpatient clinics. In addition, they attend seminars and
spend every seventh night on call, on average (i.e., residents
usually have one overnight on-call period per week in the
ER).
The assessments were performed for each resident twice
(only from Monday through Friday): (1) the first evaluation
(stage 1) was conducted after a night on call in the ER (7:30
p.m. to 7:30 a.m. the next morning), and (2) the second
evaluation (stage 2) was conducted after a night spent off
duty (7:30 p.m. to 7:30 a.m. the next morning). Each resident
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was assigned a numerical identifier, and the evaluation
order was determined by random drawing. There were at
least eight weeks between the first and second evaluations.
d.) Statistical analysis
We used the SPSS software package version 14.0 (SPSS
Inc., Chicago, IL) for all statistical evaluations. The
frequencies and means ¡ the standard deviation (SD) of
all data were examined. The normality of the data was
determined using the Kolmogorov-Smirnov test. Com-
parisons between stages were performed using a paired t-
test and Wilcoxon tests for normally and non-normally
distributed data, respectively. The effect sizes were calcu-
lated using Cohen’s d coefficient to determinate the
differences between the first and second evaluations.
Differences were considered statistically significant when
P,0.05.
RESULTS
Of the 38 internal medicine residents, 21 (55.3%) were
male, 35 (92.11%) were unmarried, and one (2.6%) was a
smoker. The mean age was 25.4 years (SD = 1.4). At stage 1,
two residents did not perform the following evaluations:
digit span backward (subject no. 1), digit span forward
(subject no. 1) and RAVLT – recognition list A (subject no. 1
and subject no. 2).
After a night on call, the performance of the residents was
worse on the Trail Making Test A (p = 0.016), which assesses
attention and the RAVLT-Trial 1 (which assesses immediate
recall) (p = 0.028), the RAVLT-Trial 7 (which assesses
delayed recall) (p = 0.016), the RAVLT-List B (p = 0.006),
the RAVLT-Speed of forgetting (p = 0.007), and the RAVLT-
total (trials 1 to 5) (p = 0.035), which assess task verbal
memory and learning, compared to their scores after a night
off duty (Table 2).
DISCUSSION
To our knowledge, this is the first Brazilian study to
evaluate the cognitive performance of medical residents.
This study is unique in that it was conducted with young
residents and used extensive neuropsychological assess-
ments. Furthermore, these findings are relevant to everyday
clinical practice and therefore should be of considerable
interest to people involved in clinical practice.
We found no differences in the verbal attention span
(digit span forward), the visuomotor memory (spatial span
forward) and the working memory (digit/spatial backward)
of residents, which is in accordance with Deary et al.13
Moreover, the lengths of our tests further validate these
results; according to Veasy et al.14, a shorter task duration
decreases the likelihood of detecting performance deficits.
However, among tasks that involve time, the performance
of the residents on Trail A was worse with respect to
selective attention and processing speed (p = 0.016), similar
Table 1 - Neuropsychological tests and functions.
Neuropsychological tests Cognitive Functions
Digit Span (WAIS III) Assesses attention and immediate
memory by presenting sequences of
numbers with a gradual increase in
difficulty, both forward and
reverse.
Span Spatial (WMS III) Assesses attention and immediate
memory using a motor task
involving visuospatial location
sequences with progressively
increasing difficulty.
Trail Making Test A and B Assesses attention, visual tracking,
mental flexibility, information
processing speed and motor
function.
Rey Auditory Verbal Learning
(RAVLT)
Assesses verbal learning and memory
using a list of words that are
repeated after five attempts. After
20 min, the retention test is
conducted, followed by the
recognition test.
Reference Source: Neuropsychological assessment, Lezak M., 3 Ed, New
York, Oxford University Press, 1995.
Table 2 - Cognitive performance of internal medicine residents after Stage 1 and Stage 2 (n = 38).
Neuropsychological tests
Stage 1 Stage 2
Mean (¡SD) Mean (¡SD) p-values Cohen’s d
Digit Span Forward* 10.03 (1.70) 10 (1.693) 0.947a 0.01
Digit Span Backward* 7.86 (2.188) 8.29 (2.217) 0.213a -0.20
Spatial Span Forward 8.92 (1.937) 8.87 (2.133) 0.897a 0.02
Spatial Span Backward 7.34 (2.184) 7.50 (1.997) 0.687a -0.07
TMT - A (seconds) 37.66 (11.883) 33.84 (13.102) 0.016b 0.30
TMT - B (seconds) 73.58 (32.232) 67.66 (28.005) 0.068b 0.19
RAVLT - Trial 1 8.05 (2.681) 9.50 (3.029) 0.028a -0.50
RAVLT - Total 59.24 (8.152) 62.71 (10.139) 0.035a -0.37
RAVLT - List B 6.97 (2.007) 8.03 (2.260) 0.006a -0.49
RAVLT - Trial 6 12.95 (1.958) 13.13 (2.429) 0.665a -0.08
RAVLT - Trial 7 12.42 (2.657) 13.53 (2.424) 0.016b -0.43
RAVLT - Recognition (List A)** 14.31 (2.573) 14.82 (0.609) 0.071b -0.34
RAVLT - Intrusions 0.55 (1.370) 0.08 (0.487) 0.064b 0.45
RAVLT - Proactive interference 0.94 (0.41) 0.90 (0.30) 0.912b 0.05
RAVLT - Retroactive interference 0.91 (0.10) 0.92 (0.11) 0.621b -0.09
RAVLT - Speed of forgetting 0.95 (0.17) 1.03 (0.10) 0.007b -0.57
*One resident was excluded in the analyses of this test (n = 37); **Two residents were excluded in the analyses of this test (n = 36); a: paired t-test; b:
Wilcoxon test; SD: Standard deviation; TMT: Trail Making Test; RAVLT: Rey Auditory Verbal Learning Test.
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to the results of Dominguez et al.’s15 study involving
pediatrics residents. Nevertheless, for Trail B (the second
part of the test), we were surprised to find negative results
similar to those of Lehmann et al.16 The results indicate that
when this test was applied, residents were able to maintain a
high level of concentration for a predictable amount of time.
After a night on call, the performance of residents was
worse with respect to verbal immediate memory (Trial 1)
and delayed recall (Trial 7), as assessed by the RAVLT.
Moreover, we detected a significant distractor effect; i.e., the
second list of words presented (list B) acted as a distractor.
Furthermore, we observed that the speed of forgetting after
a night on call was significantly greater than after a night off
duty.
Also in the RAVLT, verbal learning was significantly worse
after a night on call (the score total of the RAVLT test). These
results are demonstrated by the verbal learning curve
(Figure 1), in which residents tested after a night on call
required three attempts to achieve a level of performance
similar to that achieved with a single attempt after of night off
duty (Trials 1, 2 and 3). After these initial attempts, the
performances were similar for both stages for the remaining
attempts (Trials 4 and 5).
Studies analyzing relationships between residents’ per-
formance and long work hours have used a variety of
psychometric tests. However, differences in study design,
medical specialties tested and methods for cognitive testing
have limited the ability to compare studies. Moreover, these
studies are susceptible to criticism because they have not
demonstrated that working long hours influence clinical
performance.14
In spite of these criticisms, we recognize that it is difficult
to design a study to evaluate the clinical implications of
cognitive deficits. Therefore, we designed a study that
combined several features. Importantly, we sampled a
homogeneous group of doctors. The subjects were relatively
young, without previous work experience, and served as
their own controls (Stage 2). All of the first evaluations were
performed after a night on call to diminish the opportunity
to learn (because the residents were tired). In addition,
residents were all subjected to the same workload in the
internal medicine ward with the same number of working
hours per week, including night shifts. The residents were
all exposed to the same environmental burden in the ER,
which is a highly stressful emergency department with few
opportunities for rest. Thus, our study could be considered
a realistic model of a day during the first year of an internal
medicine residency at a Brazilian teaching hospital.
Educators involved in training residents should take note
of these results. Extended work shifts can adversely affect
learning.2-4 Adequate sleep is crucial for maintaining
attention and also plays an important role in memory
consolidation and learning2 at one of the most important
stages of a physician’s medical career.
CONCLUSIONS
This study revealed that first-year Brazilian internal
medicine residents have worse cognitive functioning after
a night on call than after a night off, as assessed by
neuropsychological tests. Accordingly, residency programs
should consider these results when planning their educa-
tional programs.
Limitations
The results of this study should be taken in context, given
that they came from a single institution and relate to first-
year medical residents within a single medical specialty.
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Figure 1 - Verbal learning curve (number of words recalled in each attempt) for the RAVLT.
A1, A2, A3, A4, A5, A6, and A7: number of words remembered from list A; B1: number of words remembered from list B; REC: number
of words from list A that were recognized. *p,0.05
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